Since its advent in the early 1980s, liposuction has made tremendous advancements, making it the most popular aesthetic surgery performed today. The goal of this Continuing Medical Education (CME) article is to provide a foundation of knowledge of the relevant anatomy, preoperative evaluation, intraoperative technique, and postoperative management for surgeons performing liposuction. Finally, the prevention and management of potential complications will be reviewed along with measures to optimize patient safety and outcomes.
1. Understand the historical background and recent advances in liposuction. 2. Perform a comprehensive evaluation of a patient seeking body contouring, identifying risk factors for adverse outcomes and discerning candidates for liposuction alone vs in conjunction with excisional procedures. 3. Devise an operative plan for optimal patient safety and aesthetic results, taking into consideration variations in gender, race, and treatment area. 4. Prevent and manage complications that may arise postoperatively.
The American Society for Aesthetic Plastic Surgery (ASAPS) members and Aesthetic Surgery Journal (ASJ) subscribers can complete this CME examination online by logging on to the CME portion of ASJ's website (http://asjcme.oxfordjournals.org) and then searching for the examination by subject or publication date. Physicians may earn 1 AMA PRA Category 1 Credit TM by successfully completing the examination based on the article.
The perception of beauty of the human body has evolved significantly throughout history. In modern society, emphasis is placed not only on body weight but also shape and contour. The increased focus on a lean, youthful appearance is largely responsible for the rising demand of body contouring procedures over the past few decades. Liposuction, also referred to as suction lipectomy or lipoplasty, has climbed to the most popular aesthetic surgery performed worldwide. In 2016, over 414,000 liposuction cases were performed, a 4.6% increase since 2015 and 132% increase since 1997. 1 When comparing genders, it is the most common cosmetic surgery for both males and females, although 89% of liposuction cases were performed in females. Last year in the United States alone, over $1.3 billion was spent on liposuction procedures. Since its advent over 3 decades ago, liposuction has become a fundamental tool in the field of aesthetic surgery for neck, breast, extremity, and circumferential body contouring. In addition, it has played an important role in revisional surgery after breast and upper/ lower extremity reconstruction. 2 Improvements in patient selection and an increased understanding of the anatomic and biochemical principles of liposuction have led to advancements in aesthetic outcome and patient safety.
In particular, a focused approach on fluid management, postoperative monitoring, and venous thromboembolism (VTE) prevention has led to the development of guidelines to optimize patient outcomes. [3] [4] [5] [6] 
HISTORICAL PERSPECTIVE
The first description of lipoplasty traces back to the 1920s, when French surgeon Charles Dujarrier used a uterine curette to remove fat from the knees of model/ballerina Mademoiselle Geoffre. 7 In an unfortunate sequence of events, the patient developed gangrene of the lower extremity and eventual amputation, curtailing the popularity of the procedure in its early stages. Liposuction resurrected in the early 1960s with German physician Josef Schrudde performing "lipexeresis" (Latin for fat removal) with sharp, uterine curettes. The second generation of liposuction was steered by Swiss physician Ulrich Kesselring and Italian father-son duo, Arpad and Giorgio Fischer, in the late 1970s. They were responsible for introducing a specialized metal suction cannula that attached to a vacuum pump called a "cellulosuctiontome." Modern liposuction was popularized by French surgeon Yves-Gerard Illouz in the late 1970s, who revolutionized "lipolysis" by introducing blunt tip cannulas and subcutaneous infiltration. 8 His infiltrate was a hypotonic solution containing hyaluronidase in an effort to lyse adipocytes and facilitate aspiration. Since then, several innovators have refined lipoplasty procedures through advancements in the anatomic and biochemical properties of liposuction, refinements in subcutaneous infiltration, and new suction technologies (eg, power-assisted liposuction, ultrasound-assisted liposuction). [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 
ANATOMIC AND PHYSIOLOGIC CONSIDERATIONS
A 3-dimensional understanding of the subcutaneous fatty layer and its variations throughout the body are imperative in producing high-quality aesthetic results with liposuction. Anatomically, the subcutaneous fat is divided into 2 layers separated by a superficial fascial system (eg, Scarpa's fascia). The superficial layer is composed of dense fat lobules separated by numerous, well-organized fibrous septa. 24 The deeper layer contains more loose, areolar fatty pockets bound haphazardly by a network of partitions. 25 This layer is particularly robust in areas of fat accumulation, including the abdomen, buttock, and thighs. These layers are important to distinguish, as they help delineate areas of safety during liposuction. Although the mid to deep layers are safe to treat, caution should be practiced with liposuction of the superficial layer, as it may lead to vascular compromise and/or contour irregularities of the overlying skin. Another important anatomic consideration during liposuction is the zones of adherence. These are areas where the superficial fascial system is densely adherent to the deep fascia of the underlying muscle. As a result, there tends to be less deeper fat, covered by the overlying superficial layer. There is a total of 5 zones of adherence throughout the trunk and lower extremity: the lateral gluteal depression, gluteal crease, distal posterior thigh, mid-medial thigh, and inferolateral iliotibial tract. 26 These areas help define natural curves and shape throughout the body. Treatment of and through the areas of adherence should be done with caution, as these areas are at higher risk for contour irregularities.
Patterns of fat distribution vary widely among gender, race, and age. Recognizing these variations allows the surgeon to tailor his or her technique and deliver an aesthetic result specific to that patient. For example, the typical female body has a more curvilinear silhouette and tends to accumulate excess fat in the lower trunk, hips, upper thighs, and buttocks (gynoid pattern). 27 On the other hand, males have a more linear shape and tend to carry excess fat evenly throughout the trunk (android pattern). In addition, females tend to have a smaller waist-to-hip ratio of 0.87, compared to males (1.0). 26 Racial differences in fat distribution also exist. For example, African-Americans tend to accumulate more fat in the buttocks and hips. 28 Cellulite, or gynoid lipodystrophy, is another important anatomic feature to identify and discuss with the patient preoperatively. There are 2 types, which vary based on etiology. Type I is more common and results from fibrous dermal bands that attach to underlying fascia and cause dimpling of the skin, particularly in the legs and buttocks. 25, 29, 30 It appears to be genetically pre-determined and hormonally mediated, more commonly affecting females, irrespective of their size and shape. 4 Type II is related to skin laxity and more commonly seen in older women as a result of sun damage, massive weight loss, or previous liposuction. Type II cellulite is treated with skin tightening procedures; however, there appears to be no definitive treatment for type I at this time, including exercising or weight loss. 25 Some groups have looked into using needle subcision at multiple depths to release underlying fibrous bands, while others have looked at laser therapy to accomplish the same goal. [31] [32] [33] [34] However, further studies are needed to assess long-term outcomes of this technique. Treatment with liposuction is not recommended, as results are unpredictable and may accentuate superficial deformities. 2, 35, 36 
PREOPERATIVE ASSESSMENT
The initial encounter with a patient desiring liposuction is an important time to discuss goals, expectations, and outcomes, as well as to determine if a patient is an appropriate liposuction candidate. Optimal results with liposuction are obtained in non-obese patients with mild to moderate fat excess and minimal skin laxity, who have not responded to traditional weight loss efforts. In order to achieve optimal contour, patients should have a stable weight for at least 6 months and prescribe to a healthy lifestyle of diet and exercise. Preoperative consultation with a dietician may be helpful. Studies have demonstrated that liposuction patients who maintain proper long-term lifestyle changes achieve the highest level of postoperative satisfaction and persistent results. 37 In addition, their results generally get better and better, so long as they continue to prescribe to this healthy lifestyle. Patients should have realistic goals and expectations regarding their outcome. It is important to screen patients for body dysmorphic disorder (BDD), given the significant incidence of at least 7% to 15% in cosmetic patients. 38 This disorder is commonly under-recognized and oftentimes results in patient dissatisfaction, therefore making BDD patients poor candidates for liposuction.
It is the responsibility of the surgeon to set realistic expectations regarding postoperative outcome and body image during the preoperative evaluation. The postoperative care plan as well as potential complications should be discussed. This helps educate patients on what to anticipate and prevents any confusion or uneasiness during their postoperative period. High-quality photos (anterior, posterior, lateral, and oblique views) must be obtained to document preoperative findings and objectively evaluate postoperative results. These are also helpful for patients to see postoperatively, oftentimes bringing them clarity to the degree of change they underwent.
Obtaining a thorough medical history is important in assessing whether a patient is a candidate for liposuction and ensuring an optimal result. The surgeon should inquire about a history of diabetes, cardiopulmonary disease, sleep apnea, smoking, family history, medications, allergies, and previous surgeries. Patients with diabetes should have excellent glycemic control confirmed with a hemoglobin A1c of 6.5% or less. This, along with strict smoking cessation for at least 30 days, will ameliorate many postoperative complications. 4, [39] [40] [41] [42] [43] In patients with advanced age, obesity (body mass index [BMI] > 30 kg/m 2 ), and those with significant cardiopulmonary disease, a frank discussion should be had with patients, their primary care physicians (PCP) or cardiologists, and the anesthesiology team to discern their eligibility for liposuction. This is of particular importance as these patient populations are at increased risk for pulmonary complications and VTE. 44, 45 Some physicians may view liposuction as a benign operation; therefore, it is prudent to educate them on the possibilities of prolonged operative times under anesthesia and large-volume fluid shifts. Consequently, for those deemed appropriate candidates for liposuction, surgeons should still proceed with caution given the risk for cardiac events with use of epinephrine and lidocaine in wetting solution, and potential for fluid overload and hypothermia. 19 A Caprini score should be calculated on patients to risk stratify them for development of VTE and to determine the appropriate perioperative prophylaxis for each individual (Appendix A, available online as Supplementary Material at www.aestheticsurgeryjournal.com). 46 This includes obtaining a history of venous insufficiency, spontaneous miscarriages, strokes, and inflammatory bowel disease.
Optimal candidates for liposuction are non-smokers, who actively participate in a healthy lifestyle of diet and exercise, with a BMI < 30 and limited medical/psychological comorbidities. For patients of advanced age and those with significant co-morbidities, the plastic surgeon together with the anesthesiologist and patient's primary care provider, must perform a risk stratification to determine whether the patient is a suitable candidate for liposuction. Massive-weight-loss (MWL) patients and those with a history of eating disorders are generally not good candidates for liposuction. However, if considering MWL patients for liposuction, the plastic surgeon should ensure their bariatric surgery was longer than 2 years ago and their weight has been stable for more than 6 months. 47 In addition, with incidences as high as 50% for anemia and 30% to 40% for vitamin/mineral deficiencies, MWL patients should have nutrition labs checked (albumin, pre-albumin), along with iron, calcium, B12, folate, and complete blood count. 25 Video 1. Watch now at https://academic.oup.com/asj/ article-lookup/doi/10.1093/asj/sjy151
Medications and supplements must be reviewed in detail. In particular, the surgeon should consider holding non-steroidal anti-inflammatory drugs (NSAIDs), aspirin products, fish oils, hormones (eg, oral contraceptives), and herbal supplements before surgery, given their increased risk for bleeding, VTE, or interaction with medications/ anesthetic agents during surgery. 2, 39, [48] [49] [50] It is recommended to hold all NSAIDs and aspirin products 7 days before surgery, fish oils and herbal supplements 3 weeks before surgery, and hormones up to 4 weeks before surgery. 49, 51, 52 If there is a medical necessity to continue these drugs (eg, anticoagulants, antiplatelet agents), a consultation with the patient's PCP or appropriate specialist should be completed before discontinuation. 48 During the physical exam, a baseline height and weight should be obtained to calculate BMI. This is paramount for observation of long-term trends during follow-up, and more importantly, for risk stratification and optimizing patient safety. While standing in front of a mirror, 6 key elements should be identified and discussed: 21, 26, 37 1. Evaluation of lipodystrophy areas of concern and contour deformities 2. Skin tone and quality 3. Asymmetries 4. Cellulite and dimpling 5. Myofascial support and laxity 6. Zones of adherence Standing in front of the mirror allows open communication between the patient and physician, providing an opportunity for the patient to contribute to the process and understanding the partnership necessary for achieving his or her goals. The skin quality and degree of skin excess should be assessed to determine whether the patient is an optimal candidate for liposuction alone vs in conjunction with an excisional procedure (eg, abdominoplasty). Preexisting contour irregularities and asymmetries should be documented, along with any scoliosis of the spine. While supine, the surgeon should make note of any scars, hernias, or myofascial diastasis, which can be made more apparent by having the patient lift his or her head off the examination table. In obese patients or those with uncertain exams, a CT scan or ultrasound can help to better delineate anatomy and identify hernias, potentially preventing an inadvertent intra-abdominal injury (see Video 1, an example of a consultation for liposuction).
During the preoperative markings, the 6 elements above should be identified and marked while in the "4-position stance." Prior to surgery, the following should be separately demarcated: treatment areas, zones of adherence/ areas to avoid, and areas of cellulite/dimpling. Upon completion, the markings should be reviewed with the patient in the mirror to ensure all areas of concern are being addressed. Patients undergoing total body liposuction or combination excisional procedures can be marked the day before in the office, allowing a more private environment and sufficient time to review the plan with the patient. 2 Finally, when obtaining informed consent, it is important to educate patients on the benefits of liposuction along with the alternatives and risks for complications.
INTRAOPERATIVE PLAN Prophylactic Measures and Anesthesia
Before starting the procedure, certain prophylactic measures are paramount to optimize patient outcomes. A forcedair warming blanket (Bair Hugger®, Arizant, Eden Prairie, MN) and sequential compression devices (SCDs) should be placed in the preoperative area 60 minutes before the operation and continue throughout the duration of the procedure. Upon arrival to the operating room, the patient is positioned on top of a full-body warming blanket, and all areas not being treated are also covered with an upper or lower body warming blanket ( Figure 1 ). In an effort to further prevent hypothermia, intravenous (IV) fluids and wetting solution Figure 1 . In an effort to prevent perioperative hypothermia and its untoward effects, a forced-air warming blanket (Bair Hugger®, Arizant, Eden Prairie, MN) is placed both below the patient and on top in any areas that are not being treated.
are warmed, ambient temperature is increased as needed, and body parts not being treated are covered. Hypothermia (core body temperature < 36.5 degrees Celsius) occurs commonly in liposuction cases, particularly with large lipoaspirates and when multiple areas are being treated. A study by Young and Watson demonstrated that the core body temperature can drop by 2.7 degrees Celsius in the first hours of surgery as a result of the effects of anesthesia on autonomic regulation. 53 In addition, it can take up to 4 hours to restore normothermia, resulting in an increased incidence of coagulation disorders, blood loss, wound infection, and cardiac events, as well as a longer hospitalization. 54 They found that implementing a vigilant pre-warming protocol, as described, significantly reduces the incidence of hypothermia.
Antibiotic prophylaxis is commonly administered in liposuction suction cases, with a first-generation cephalosporin given prior to incision. For patients with a history of methicillin-resistant Staphylococcus aureus (MRSA), vancomycin should be considered preoperatively. However, given the very low incidence of infection associated with liposuction, some argue that antibiotic prophylaxis is not indicated. 55 During the liposuction procedure, it is important for the circulating nurse to maintain and verbalize diligent recordings on a data sheet regarding the amount of wetting solution and lipoaspirate in each treatment area. This open communication among the nurse, surgeon, and anesthesiologist fosters proper fluid management and symmetric treatment of each body area and is critical to patient safety.
Various types of anesthesia for liposuction have been described in the literature, including local anesthesia, IV sedation, or general anesthesia. The decision for which type of anesthesia is based on multiple factors, including expected length of procedure, number of areas being treated, predicted lipoaspirate amount, overall health of patient, patient positioning, and surgeon/anesthesiologist preference. 48 For example, in patients with multiple comorbidities, combined cases, lengthy procedures, prone positioning, and/or cases with larger lipoaspirate amounts that involve more aggressive fluid resuscitation, the surgeon should consider monitoring by a board-certified anesthesiologist. Spinal and epidural anesthesia have been safely used during liposuction cases. 56, 57 However, the surgeon and anesthesiologist should practice caution when administering these blocks, as they can have profound effects on perioperative hypothermia and volume shifts. 5, 53, 58 Despite its cost-containment and convenience, office-based liposuction with local anesthesia should be reserved only for small, localized areas with limited lipoaspirate volume. 2 Ultimately, it is the role of the surgeon and anesthesiologist to discuss the complexity of the patient and case at hand in order to make the safest decision for the patient.
Positioning
A majority of liposuction procedures involve circumferential treatment of the abdomen, hips, back, thighs, or buttocks. With these procedures, 2 positioning techniques can be implemented ( Figure 2 ): 1) a prone followed by supine approach vs 2) a supine with alternating lateral decubiti approach. A prone-supine approach allows the surgeon to compare sides for symmetry in each position; however, it necessitates re-prepping and draping the patient a second time. 47 In contrast, the supine-lateral-lateral approach, allows for a one-time circumferential prep, but may limit visualization when trying to compare sides. 22, 59 Regardless of the approach, with experienced staff, both techniques can be used safely and efficiently. In addition, when performing liposuction in the supine position, the table should be gently flexed (15-20 degrees), in slight Trendelenburg, to allow safe excursion of the cannula parallel to the abdominal wall, helping reduce the possibility of intra-abdominal penetration. Also, this helps eliminate the pubis and anterior iliac spine as barriers to excursion. Lastly, special attention must be paid to protect and pad all appropriate areas, including head, arms, breasts, genitals, hips, and knees in order to prevent untoward complications, such as nerve injuries or decubitus ulcers. 60,61
Incisions
Incisions for liposuction should allow multi-directional access to the treatment site, be large enough to accommodate the largest cannula used at that site, and be positioned to minimize the risk for access site contour irregularities (eg, away from zones of adherence) ( Figure 3 ). Access to each region should be gained from multiple sites fostering cross-hatching and diminishing the risk for contour irregularities, including access-site depression. Bilateral incisions should be placed in asymmetric positions in order to disguise their appearance. The surgeon should not hesitate to place additional incisions to enhance access and potentially minimize the risk of intra-abdominal or intra-pleural cannula injuries. No studies exist comparing types of closure of access incisions (eg, 1-vs 2-layered closure). However, Toledo et al demonstrated that loose closure of the skin may promote fluid egression and prevent seroma. 62
Cannulas and Aspiration
Since the original sharp, single-hole cannulas used by Schrudde in the 1960s, modern cannulas have evolved to be blunt tipped with multiple holes and a variety of designs. Blunt tip cannulas minimize tissue trauma and blood loss, as well as decrease the risk of inadvertent penetration of tissue planes (eg, fascia, peritoneum, pleural). Depending on the technology utilized, "cannulas" can be either hollow (for aspiration) or solid (for ultrasound, radiofrequency emission). Cannulas come in several different diameters, with the most common sizes ranging from A B C 2.0 mm to 5.0 mm. The size selected usually depends on the treatment location and depth, along with the action at hand (ie, separation vs aspiration vs equalization). As Poiseuille's Law states, flow through a tube rises exponentially with an increase in the radius. Ergo, fat elimination increases with cannula diameter. However, this comes with the risk of damaging surrounding structures and superficial tissues, thereby causing contour irregularities. In general, larger cannulas (3.5-5.0 mm) are used for liposuction of deep planes along with fat separation and equalization, while smaller cannulas (2.5-3.5 mm) are used more for superficial suctioning and contouring. Cannulas can also be angled at their distal end to prevent penetration of deeper tissue planes. These are particularly useful in areas that are difficult to maneuver (eg, upper abdomen and buttocks). Additionally, the surgeon should always know the cannula tip location via palpation with the non-dominant hand. This is paramount in preventing inadvertent tissue injury. Cannula length can vary from 10 cm to 30 cm. Poiseuille's Law dictates that the flow of fat slows down with increasing cannula length. In addition, if a cannula is too long, it can limit fine control and tactile feedback of the cannula's location within tissues. However, this has to be balanced with a longer cannula's ability to suction more surface area with less access incisions. There are a variety of tip configurations with the most common being an exploded/basket and Mercedes tip (Figure 4 ). These serve different functions, with the Mercedes 3-aperture tip used more commonly with fat aspiration, and the basket tip with fat separation and equalization.
The objective of liposuction is to avulse subcutaneous fat through a mechanically induced negative pressure. The typical amount of suction from a vacuum pump is 1 atm (760 torr, 760 mm Hg). A similar amount of suction pressure can be created using syringe aspiration. Haseler et al studied the physics of syringe aspiration and demonstrated that 10 cc and 20 cc syringes can create 435 torr and 517 torr of pressure, respectively. 63 This technique is effective in addressing superficial irregularities or smaller volume areas (eg, neck). When compared to suction-assisted liposuction (SAL), syringe aspiration has been shown to minimize blood loss, reduce postoperative bruising, and result in less mechanical damage to fat cells, thereby allowing for greater viability if fat grafting is involved. 4, 64, 65 However, the major disadvantage to syringe aspiration is the prolonged operative time and operator fatigue.
Wetting Solutions and Fluid Management
Since its introduction by Illouz in the late 1970s, the use of subcutaneous fluid infiltration, or wetting solution, has led to major advancements in liposuction. Wetting solutions are composed of an isotonic fluid (lactated ringers or normal saline) that usually contains additives such as epinephrine or a local anesthetic. Use of wetting solution reduces blood loss and facilitates fat removal via hydrodissection. [66] [67] [68] [69] [70] Before the advent of wetting solution, liposuction was done as a dry technique resulting in blood loss of up to 45% of the aspirate (Table 1) . 9, 11, [71] [72] [73] [74] In the early 1980s, the use of wetting solution rapidly gained popularity with a majority of surgeons using a wet technique, which involved infiltration of 200 cc to 300 cc Epinephrine was first introduced into wetting solutions in 1983 by Hetter et al. 13 The typical dose is 1 ampule (1:1000 concentration) of epinephrine per 1000 mL of isotonic fluid, resulting in a 1:1,000,000 dilution. Epinephrine's vasoconstrictive properties are key in minimizing blood loss during liposuction. Maximal vasoconstriction has been shown by McKee et al to occur at 25.9 minutes, though many surgeons commonly wait 7 to 10 minutes before starting liposuction. 84, 85 The manufacturer recommendation for maximum epinephrine dose is 0.07 mg/kg; however, doses as high as 10 mg have been safely administered. 86, 87 In a study assessing epinephrine in wetting solution during liposuction, Brown et al demonstrated a peak plasma level of epinephrine at 5 hours and a total absorption of 25% to 32%. 88 No signs or symptoms of epinephrine toxicity were seen in the patient population despite peak levels equivalent to those of major physiologic stress. Epinephrine's margin of safety may be secondary to its dilution in wetting solution, infiltration into a relatively avascular plane, local vasoconstriction, and slow delivery throughout the operation. 88 Regardless, epinephrine during liposuction has been found to increase cardiac index, heart rate, and mean pulmonary arterial pressure. 19 Therefore, diligent screening of patients should be performed to identify those at high risk for adverse events, as these patients are not good candidates for liposuction. This includes those with cardiovascular disease, severe hypertension, pheochromocytoma, or uncontrolled hyperthyroidism. In addition, halothane should not be given as an anesthetic, given its effect on increasing the myocardium's sensitivity to catecholamines, potentially resulting in ventricular arrhythmias. 2 The use of lidocaine in wetting solution has been advocated as an agent to provide local anesthesia and analgesia. Common doses of lidocaine are 15 to 30 mL of 1% lidocaine in a 1000 mL bag of isotonic fluid. The manufacturer recommendation for maximum lidocaine (with epinephrine) dose is 7 mg/kg; however, doses ranging from 35 to 55 mg/kg have been safely used. 15, 89, 90 This margin of safety may be secondary to lidocaine's diluted concentration, injection into a relatively avascular fatty plane, local vasoconstriction secondary to epinephrine, slow infiltration, high lipid solubility, and potential for aspiration during liposuction. 2 However, Kenkel and colleagues demonstrated that lidocaine toxicity is not dose dependent, given the significant inter-individual differences in its pharmokinetics during liposuction. 20 Some studies have found that lidocaine reduces postoperative pain as well as the amount of systemic anesthetics used intraoperatively. [13] [14] [15] 67, [90] [91] [92] However, because of its potential for serious neurologic and cardiac side effects, some have questioned its use in liposuction. 20, [67] [68] [69] [70] [93] [94] [95] Hatef and colleagues performed a study comparing postoperative pain control and intraoperative systemic anesthetic use in patients who had wetting solution with variable concentrations of lidocaine infiltrated. 96 They found no statistically significant effect in pain outcomes when using lidocaine in wetting solutions. Similarly, Perry et al found no improvement in postoperative pain in patients who underwent bilateral liposuction and received only lidocaine in the wetting solution on one side. 97 Further studies are needed to delineate the risks and benefits of lidocaine use in liposuction. Some have considered the use of bupivacaine in wetting solution, given its longer duration of action and potential pain control. However, no study has shown any superior efficacy or pain control with bupivacaine compared to other wetting solutions. In addition, this medication should be avoided, given its higher propensity for cardiotoxicity, as well as its slow elimination and poor reversal. 4 Some have considered adding bicarbonate to wetting solutions to decrease the acidity of lidocaine, thereby minimizing pain with infiltration. However, this has not shown to be effective, particularly because patients are usually under general anesthesia during fluid infiltration. In addition, the alkaline pH of lactated ringers in the wetting solution can combat the acidic pH of lidocaine.
Liposuction patients undergo significant volume shifts, particularly cases involving large-volume aspiration. For proper fluid management, the surgeon and anesthesiologist must take into consideration all net fluid balances, including IV fluids administered, wetting solution infiltrated, lipoaspirate amount, and third-space losses. 21, 98 The most important principles for appropriately resuscitating a liposuction patient are close monitoring of vital signs and urine output with a foley catheter (when appropriate), as well as frequent communication between the surgeon and anesthesiologist. Rohrich et al proposed certain recommendations to help guide fluid resuscitation in large-volume liposuction patients. These include replacing preoperative oral intake loss as needed, administering maintenance fluids throughout the procedure based on hemodynamic parameters, and giving extra IV fluid for lipoaspirates >5.0 liters (0.25 mL of IV fluids per 1 mL of lipoaspirate >5.0 L). [99] [100] [101] Furthermore, the use of a "superwet technique" can also serve as a form of fluid resuscitation, given that appropriately 70% of infiltrated fluid remains intravascular. 102 In 2012, Jain and Khan studied the use of intraoperative monitoring with stroke volume variation (SVV) in large-volume liposuction cases. 103 SVV served as a good predictor for volume status and responsiveness, and allowed for a gentler resuscitation compared to previous techniques (ie, mean intraoperative fluid-to-lipoaspirate ratio of 0.93). These proposed guidelines serve as recommendations and should not replace sound clinical judgement based on the patient's history and fluid status.
Operative Techniques
For circumferential liposuction, the SAFE technique (separation, aspiration, and fat equalization) introduced by Wall has gained significant popularity since its introduction in 2010. 22 Compared to traditional liposuction, this stepwise technique incorporates fat separation before and equalization after lipoaspiration. As a result, SAFE liposuction is thought to maximize fat aspiration, minimize vascular damage and bruising, reduce contour irregularities, and increase skin retraction. This technique begins with infiltration using a superwet technique with an exploded basket tip, which has been coined simultaneous separation and tumescence (SST). 58, 104 SST is thought to preliminarily separate fat, thereby increasing the surface area of fat that comes into contact with wetting solution (eg, epinephrine). A separate step dedicated to suctionless fat separation is then performed with an exploded basket tip to help mechanically emulsify adipose tissue from adjacent stromal tissue and vasculature. This, in turn, facilitates a less traumatic fat aspiration (done with a Mercedes tip cannula) and preserves vasculature. Lastly, fat equalization is performed without suction, with an exploded basket tip. This step is thought to leave behind a layer of equally distributed, local fat grafts to prevent scar adhesions and contour abnormalities.
Several modalities of liposuction exist, and their indications are influenced by treatment area, density of tissue, surgeon preference, expected lipoaspirate amount, gender, and history of previous liposuction. 47 Regardless of the modality, multiple surgical endpoints of fat separation are used, including loss of resistance in fatty tissue, symmetric skin pinch/palpation, final contour, blood aspiration, and volume of fat aspiration. Traditional liposuction is the most common technique and is sometimes referred to as SAL ( Figure 5 ). This modality can be difficult in fibrous tissues, areas of previous liposuction, and large lipoaspirates because they require more physical work in order to separate and aspirate fat. In these scenarios, power-assisted liposuction (PAL) is particularly helpful. PAL uses an external electric power source to drive the liposuction cannula, oscillating in a 2 mm reciprocating motion at 4000 to 6000 cycles per minute. The benefits of PAL include shorter surgeries, reduced operator fatigue, and enhanced ability to traverse more fibrous tissues. 10, 58 The drawbacks, though marginal, include noise generation and more cumbersome equipment.
Yet another modality is ultrasound-assisted liposuction (UAL), which uses ultrasonic energy to mechanically emulsify fat, thereby facilitating aspiration. This is particularly useful in more dense, fibrous areas of fat, which can particularly be seen in male patients, gynecomastia, flap debulking, and those previously treated with liposuction. However, thermal energy created in UAL can lead to tissue damage resulting in contour deformities, hyperpigmentation, parasthesias, and increased seroma formation. 59, [105] [106] [107] [108] [109] To minimize thermal tissue injury and these adverse sequelae, SAL is commonly used for evacuation following UAL in order to shorten ultrasound exposure. 96, 110 Additionally, other techniques to ameliorate these adverse outcomes include use of UAL in deeper tissue planes, superwet technique (cooling effect), constant cannula motion, and use of skin protectors. 2, 5, 110 Still another modality of liposuction that incorporates pulsed ultrasound with decreased energy is called VASER (vibration amplification of sound energy at resonance)-assisted liposuction or VAL. This technology uses small-diameter solid probes that emit pulsed energy, potentially reducing thermal tissue injury. The proposed advantages of this technology include increased skin retraction, reduced blood loss, and fewer complications from thermal damage (eg, contour irregularities, seroma, skin injury). [111] [112] [113] Despite these findings, VAL has yet to gain significant popularity in the United States, with <3% of plastic surgeons using this liposuction modality. 1 Laser-assisted liposuction (LAL) involves use of a laser fiber that emits energy (most common wave lengths 924/975 nm, 1064 nm, 1319/1320, and 1450 nm) that thermally and mechanically disrupts and emulsifies fat. Evacuation is then initiated with SAL or PAL, followed by subdermal skin stimulation. An example of LAL is SmartLipo® (Cynosure, Westford, MA) introduced in the early 2000s. Proponents of LAL describe its reduced postoperative pain and skin tightening effects via collagen re-organization. [114] [115] [116] [117] [118] However, no large, prospective studies have confirmed these effects in relation to other liposuction modalities. In fact, one prospective, randomized double-blinded study comparing SAL and LAL found no significant differences in clinical outcomes. 115 Lastly, water-assisted liposuction (WAL) involves a dual-purpose cannula that injects wetting solution from one channel, and simultaneously aspirates adipose tissue and instilled fluid from a separate channel. 119, 120 WAL uses fan-shaped jets to inject fluid in a pulsatile manner, with the goal of loosening fat cells and minimizing soft tissue injury during liposuction. [121] [122] [123] An example of WAL is Body-Jet® (Human Med, Schwerin, Germany), which was introduced in 2009. This technology has been shown to be safe; however, there has been limited adoption of the technique. 119, 120 Regardless of the technology utilized for liposuction, the critical role of the surgeon and his or her experience and expertise cannot be overemphasized.
Considerations Based on Treatment Area
Given the variable anatomy and fat content throughout the body, liposuction must be approached in a site-specific manner. Not only does the surgeon need to address the fat in each area, he or she must also recognize potential high-risk areas for contour irregularities and blend the shape into adjacent areas. In the arms, it is important to address the superficial fat (which is more compact relative to the deep fat) and to stay superficial to the deep fascia in order to prevent injury to the medial antebrachial cutaneous nerve. Smaller cannulas should be used to prevent superficial contour irregularities. For liposuction of the abdomen, in patients with significant upper abdominal lipodystrophy, an inframammary fold incision can be used. 2 Superficial liposuction, or abdominal etching, has been described though should be carried out with extreme caution by an experienced surgeon, given the preponderance for secondary contour irregularities and skin injury. 124 When performing liposuction of the back, PAL and UAL are helpful given the dense, fibrous fat present in the back. 21 When treating the hips and flanks, it is important to understand the anatomic variations between genders to prevent inappropriate feminization or masculinization. Males tend to have more fat deposits in superolateral areas of the hips, while females have more fat present inferiorly and posteriorly ( Figure 6 ). For the buttock area, it is important to avoid deep, aggressive suctioning and to maintain the length and position of the inferior gluteal crease. Violation of this area can result in redundancy and creation of unfavorable skin rolls (eg, banana roll or double-gluteal fold). In women, these maneuvers can elongate the inferior gluteal fold, giving a more masculine silhouette. These deformities can be very difficult to correct, oftentimes requiring either autologous fat grafting or excisional procedures. Lastly, liposuction of the neck should be performed with the neck hyperextended with a shoulder roll. A central submental incision is used, with the option of an infralobular incision for lateral access. Given its small surface area, syringe aspiration is a practical option in the neck. The surgeon should proceed with caution not to over-treat this area, as this can result in hollowing of the neck and temporary neurapraxia of the marginal mandibular nerve. 125, 126 
POSTOPERATIVE MANAGEMENT

General Considerations
Postoperatively, patients can be placed in appropriately sized compression garments. Long-term use (6-8 weeks) is thought to assist in contouring, minimize swelling/ bruising, improve comfort, and prevent seroma formation. 4, 48, 82, 127 Some groups have proposed that prolonged compression can cause hyperpigmentation, pain, and reflex swelling, but these findings have not been substantiated by evidence yet. 39 Compression garments should fit properly, as recent data suggest that tight garments can lead to femoral vein stasis. 128 Currently, no studies exist correlating this to an increased likelihood of deep vein thrombosis (DVT).
Patients who have undergone large-volume liposuction (>5000 mL), liposuction of multiple areas, or combined procedures are monitored overnight to ensure appropriate hemodynamics and volume resuscitation. 3, 6, 129 SCDs are kept in place until discharge from the hospital, and early, frequent ambulation is started the evening of surgery. It is important to educate patients preoperatively on expectations after surgery, including swelling, bruising, and weight gain. Patients should expect their final aesthetic outcome to be achieved by 3 to 6 months.
COMPLICATIONS
Though major morbidities after liposuction are rare (<1%), it is important to address the appropriate management and prevention of these complications. 44, 130 The mortality rate after liposuction is approximately 0.02%, most commonly caused by VTE. 44, 74, 92 Kaoutzanis et al performed a multi-variate analysis demonstrating an increased risk of complications in patients undergoing liposuction of multiple areas, combined procedures, and in those who are obese. In patients undergoing liposuction of 2 areas, the complication rate increased to 3.2% (from 0.7%), and in those undergoing liposuction of more than 2 areas, the complication rate rose to 4.5%. 44 The most common complication after liposuction is contour irregularities, with an incidence of up to 20%. [131] [132] [133] Measures to prevent this include liposuction in deeper planes, equalization after aspiration (SAFE liposuction), and use of smaller cannulas. If appreciated intraoperatively, autologous fat transfer or contouring of adjacent concavities can be used to help improve deformities. Cannula trauma to skin, major blood vessels, and internal organs can be related to incomplete preoperative evaluation, overaggressive suctioning, and lack of palpation of the cannula tip during liposuction. Postoperative cellulitis or soft tissue infections (including necrotizing infections) can occur and should be aggressively treated with appropriate antibiotics. Another complication is parasthesias; however, it is far more common that these are temporary, resolving spontaneously after 2 to 3 months. Postoperative hyperpigmentation of skin is thought to be attributed to multiple factors, including hemosiderin deposits from ecchymosis, prolonged compression, skin injury, sun exposure, and certain medications (iron supplements, estrogen). 134 Seroma is another complication that can occur in the early and late stages after surgery. It is thought to be secondary to overzealous treatment with denuding of fascia and disruption of lymphatics. Patients with higher BMIs and those undergoing UAL have been found to have a slightly higher incidence of seroma. 39, 105, 109 Clinically significant seromas are treated by image-guided aspiration or drain placement. Techniques to prevent seromas include expression of fluid from tissues at the end of procedure, loose closure of access incisions, well-fitting compression garments, and early ambulation. 4, 48 A B Figure 6 . Fat distribution in a (A) 33-year-old woman and a (B) 52-year-old man. Males tend to have more fat deposits in superolateral areas of the hips, while females have more fat present inferiorly and posteriorly.
Patient Safety
The most feared and fatal complication after liposuction is development of either a DVT or pulmonary embolism (PE). The incidence of VTE in liposuction-alone cases is relatively low, approximately 0.02% to 0.06% or 1 in 2500 patients (Table 2) . 45, 74, 135 However, several variables significantly increase this risk, including elevated BMI, advanced age, higher American Society of Anesthesiologists (ASA) score, combined cases, and lipoaspirate volumes greater than 5000 mL. 44, 45, 74 In fact, patients with a BMI > 30 have a 6-fold higher risk for VTE, while those with BMI > 40 are more than an 8-fold risk. 45 Consideration of these variables along with calculation of a Caprini score should be standard for all new liposuction consultations. The Caprini score has been validated in the plastic surgery population and is used to identify those at high risk of VTE. [136] [137] [138] [139] VTE prophylaxis in the plastic surgery population is largely based on the American College of Chest Physicians (ACCP) recommendations published in 2012. 138 These guidelines apply to all non-orthopedic surgical specialties, including plastic surgery (Table 3) . For all patients, early ambulation is obligatory the night of surgery and should continue multiple times per day following surgery. In addition, given their significant reduction of VTE, SCDs should be activated before, during, and after surgery. 138, 140 With regard to pharmacologic VTE prophylaxis, the ACCP guidelines recommend low-molecular-weight heparin or low-dose unfractionated heparin for patients with Caprini scores of 3 or greater. The only large, prospective study (n = 3334) in the plastic surgery literature that investigated the use of pharmacologic VTE prophylaxis was the venous thromboembolism prevention (VTEP) study published in 2011. 141 This study found that enoxaparin given 6 to 8 hours postoperatively significantly reduced VTE in high-risk patients, with a 4.5% absolute risk reduction in patients with Caprini scores >8, and a 1.4% reduction in patients with Caprini scores of 7 to 8. As a result, in 2012 the ASPS Task Force on Thromboembolism Prevention recommended surgeons to "strongly consider" chemoprophylaxis for Caprini scores of 7 or greater. 142 Additionally, they recommended surgeons to "consider" use of chemoprophylaxis for Caprini scores of 3 to 6. However, it is important to note that certain VTE risk factors not included in the Caprini score may be relevant in plastic surgery patients, including rectus plication with abdominoplasty, 45 11,490 VTE 0.06% Increasing BMI Advancing age Combined procedures Kaoutzanis et al, 2017 44 31,010 VTE 0.06% Increasing BMI Age > 40 Combined procedure Procedures performed in hospitals BMI, body mass index; VTE, venous thromboembolism recent prolonged air/car travel (eg, medical tourism), type of anesthesia, timing/extent of postoperative ambulation, and location of surgery (ie, inpatient vs outpatient). 143 Still, there is a paucity of strong data supporting the use of pharmacologic VTE prophylaxis, hence its inconsistent use and duration among plastic surgeons. In a survey from 2007, 43.7% of plastic surgeons used pharmacologic VTE prophylaxis after liposuction cases. 144 A great majority of the studies evaluating VTE risk and the utility of chemoprophylaxis have been performed outside the field of plastic surgery. Those that have been performed in the plastic surgery population are from inpatient cohorts and not the outpatient surgical population where a majority of cosmetic procedures are performed.
Pannucci and colleagues have studied the effects of enoxaparin on postoperative hematomas. 145 A multivariate analysis showed an increased risk for bleeding in patients undergoing microsurgical procedures, breast surgery, and post-bariatric body contouring. Once controlling for these variables, when appropriate dosing was administered, there was no significant risk of hematoma with enoxaparin use postoperatively (3.4% vs 2.7%, P = 0.16). However, this may not be the case with factor Xa inhibitors (eg, rivaroxaban). One randomized, double-blinded study of patients undergoing abdominoplasty had to be discontinued after 42.8% patients receiving postoperative rivaroxaban developed hematoma, compared to 0% of placebo controls. 146, 147 However, it is important to note that in this study, rivaroxaban was given within 1 hour of surgery in combination with NSAIDs. Conversely, in a multi-center study, Hunstad et al demonstrated that giving rivaroxaban 12 hours postoperatively and continued for 1 week did not increase the risk of bleeding (hematoma rate 2.3%). 148 Therefore, use of these agents for VTE prophylaxis can be considered in appropriate patients postoperatively, although further randomized studies are required to better delineate this evidence.
Two other important considerations affecting patient safety are the location of the procedure (inpatient vs outpatient facility) and whether the patient should be monitored overnight after the procedure. For these decisions, the surgeon should use evidence based on BMI, ASA score, expected duration of procedure, expected lipoaspirate amount, and whether the patient is undergoing a combined procedure. Kaoutzanis et al demonstrated an increased risk for complications (2.5-3.5 fold) in obese patients (BMI > 30). 44 In addition, patients undergoing combined excisional procedures (ie, abdominoplasty) are at higher risk for adverse outcomes along with those undergoing operations longer than 3 hours. [149] [150] [151] In 2011, the ASPS convened a task force that published the Pathways to Preventing Adverse Events in Ambulatory Surgery. 3 Dr. Schechter and other committee members identified the following patients as high risk for outpatient plastic surgery: BMI > 35, age > 60, operative time > 6 hours, lipoaspirate > 5000 mL, combining large-volume liposuction with other procedures (particularly abdominoplasty), and a history of cardiopulmonary disease (including obstructive sleep apnea). Given this evidence, high-risk patients should be observed overnight, with close monitoring of hemodynamic measures by a registered nurse.
CONCLUSION
Modern liposuction has evolved significantly since its introduction over 3 decades ago. With improvements in patient selection and fluid management, along with the development of guidelines for postoperative monitoring and VTE prophylaxis, liposuction has become a safe, effective treatment for lipodystrophy. Other technologies have been heralded as a comparable alternative to liposuction, although no strong evidence exists to substantiate these claims. Liposuction remains the technique of choice in producing powerful results in appropriate lipodystrophy patients. Therefore, it is important that we remain committed to the common goals of optimizing patient safety while producing high-quality aesthetic outcomes.
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